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OUTSTANDING SUCCESS OF SOVIET COSMONAUTICS I

by
L /"

V. Avduyevskiy, V. 8hevskly, M. Marov and V. Moroz

On the threshold of the 2_-th Congress of the CPSU*, domectic science

and engineering have achieved new outstanding successes in the i_.vesti_tion

of the planet Venus. On 22 and 25 October 1975 the descent vehicles of

the "Venera-9" and "Venera -10" transmitted, for the first time in the his-

!_ tor.'vof cosmonautics, pictures of the planet surface to earth, and the probes
L

themselves became its first artificial satellites.

I_ The "Venera-9" and "Venera-lO" were launched on 8 and 14 June 1975,

i_/ respectively. Two days before flyby of the planet, the descent vehicles

! were separated from the probes and later performed the first soft landings

on the lit side of Venus •invisible from earth _),tthis time. After separation

the probes were injected into tcansfer orbits and then into orbits of arti-
!!

il _Icial satellites of the planet with the parameters:

_ maximtun distances from Venus surface (at apocenters) 112,200 & 113,900 km;

I minimum distances from surface (at pericenters) - l,510 & 1,620 km;

:_ f, inclinations of orbits to Venus equatorial plane - 34°10 ' and 29°30';

_i periods of rotation - 48 hours 18 minutes and 49 hours 23 minutes.

In order to transmit scientific information, an original ballistic

scheme was developed which assures 'therequisite mutual spatial arrangement

of the probes and the descent vehicles. All the information received by each

descent vehicle was transmitted to "its" probe, starting a communication

session with an artificial satellite uf Venus_ and was then relayed to earth.

•The Soviet interplanetary probes to study Venus in 1967 an& 1972

w_re produced by a gradual modification of the "basic" space vehicle "Venera-4".

Tlle formulation of new scientific problems, including taking pictures of the

surface agd considerable expansion of the composition of the scientific appa-

ratus: did not permit utilization of the basic model. Hence, a new kind of

prob,9 was produced.

tl,1- ,'_ 6_t, t, ] ,tTh,,'v(_n ra-_ n,nd V(_l_:r:.-].O_ e_Lch of which inclt_d(,sthe [_l'ob(_:._n<[

" th(_descent vehicle 3 are analog_ous in constl'uction :Jnd eqt_J.pment. The prol_es_

weight (after injection into the tr:_nsfer tr_Ljectory to Venus) was 4956 ]"41

:-_nd 50[_3 kg , and the wei_,ht of each descent vehicle with its heat silield

casing (after separation from tile probe) was 15£k) kg .

*CPSU' Communist Party of the Soviet Union

IBas_c translation provided by Morris D. Friedman, Lockheed M_ss._le_ & Space Co.
l
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DESCENT AND LANDING ON TEE SUILFACI_

A study of the clouds located at an altitude t_fabout 60 _n , ext(_n-

sire investigations of the atmosphez_e, taking a picture of the _urface after

. .'landing thereon, and conducting scientif:Ln experiments were in the research
0

program of the "Venera-9" and "Venera-lO" descent vehicles. Tl%is required

the development of a new descent and landing scheme, which would assure a

slow letdown in the cloud layer_ rapid passa.ge through the main thicPa%ess

of the hot and dense atmosphere investigated earlier, and also a low landing

velocity.

The descent vehicles entered the planet atmosphere at angles of .20.50

and 22.5° to the local horizon, respectively. After aerodynamic decelera-

tion, the cover of the parachute compartments were jettisoned &t about a

65 km altitude, and the pilot parachutes and the parachutes to remove the

upper parts of the heat-shield casings were deployed simultaneously. The

descent velocity was reduced from 250 to i_0 m/see. Then the drag para-

chutes were deployed, the radio complexes were switched on, and information

transmiss ion was started.

The drag parachutes having worked for 15 see diminished the velocity

of descent to 50 m/see. The three-canopy main parachutes, 180 mP" in

to%_l area, _ere deployed at altitudes on the order of 62 _un . The lower

/" hemispheres o the heat-shield casings were separated _ seconds later.

The descent vehicles passed through the cloud layer in approximately

20 minutes, after which the parachutes' were discarded. A further diminution

in the letdown veloc.ity was achieved because of the rigid aerodynamic decele-

rating units. After jettisoning of the parachutes, the letdown velocity of

the descent vehicles hence first started to increase and diminished to approxi-

_J.tely 7 m/see near the surface because of the rise in density of the atmos-

phere. The landing units, which are th:'.n-walledtoroidal shells_ were

deformed during landing, thereby absorbing the energy of the impact, and

assured an oriented position of the descent vehicles on the surface.

The covers protecting the telepllotometer il].tuuinab_rs.'9"on,cont_atiin;vtion

w,,r_ discnrded at the time of ].and_D_, _t_](ltl_ebooms of 141oradi:Ltion densito-

meters w,,_rerel_:asud soon aftcrw:Lrds and extended o2, the: surf'tce.

Transmission of the television panorama by ,:ach descent vehicle st:u'ted

approximately 2 minutes after landing and lasted the whole tlmc of tl_e.lr

operation. Da_t from the scientific 'q_paratus :rod serv:_ee info_wltion :,]_out
_'.

the state of' the onboard instr_mlents and their Ol_(:,r:_tingconditions '_,t_ssent

o,,_r these same radio ],inks l,erio(lically. Info_n'_tion w:_s tr:m:m,:;tt<,.ifo_'

ii i
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53 minutes from the "Venera-9" and for 65 minutes from the "Vem.Ta-lO"

_ descent vehicle.
R _SULTS OBTAIN/_

•' The information obtained by the Soviet "Venera" probes in ].967-1972

were the basis for composing the significantly more complet'; res,,_Lrchprogram

on the "Venera-9" and "Venera-lO'. A single complex of ins br_ncr_ts was ])re-

duced for the purpose of a thorough study of the Venus atmosphere , its cloud

layer_ the surface of the planet and the near-planet space. The composition

of the apparatus on both probes is identical.

DESCENT VEHICLES

The following scientific apparatus was mounted on the descent vehicles:

A panoramic telephotometer to study the optical properties and to obtain

images of the surface at the landing site;

A photometer to measure the light fluxes in the green 3 yellow, and red

rays and in two sections of the near-infrared spectrum range (a band up to

A photometer to measure brightness of the atmosphere in three wave-

length bands around 0.8 _ _ and also to obtain data about the chemical com-

position of the atmosphere by an optical spectrum analysis method;

A complex to study the optical characteristics of the atmosphere and

clouds by measuring the radiation intensity of an artificial light source_

scattered by aerosol particles, which includes two instruments. One op.erated

at 63 - 34 km altitudes, and _he other at 63 18 _n

Pressure and temperature sensors operating from the 63 km altitude

down to the surface;

= Aceelerometers to measure the g-forces originating during the aero-

dynamic deceleration ph_.se when the vehicle entered the atmosphere;

A _Ass-speetromete_. to measure the chemical composition of the atmos-

phere_ which made measurements on the 63 - 34 lqn altitude phase;

An anemometer to determine the wind velocity on the planet surface;

A F,armna spectrometer to determine the Content of natural radioact:iw;

,J.cments in the Ve_usian zocks, The instr_u_ent recorded the intensity an<i

s_ectral composition of gamma radl'_tion,'

r • t •A r.vliatlon densitomctcr to determine the density of the soil i2_the

s_rface layer of the planet. The operating princil)le of the ihstrtu_,entis

F> bas_,d on a d_pen,tencc existing between the density of the rock :Lhd the int,:n-

_I sity of ti_e g_u_l:__radiation it scatters, which has been i.To_h_c(',.Lby u. sourc,_,

mounted on the densitometer.

_21 i
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' A lltrge volnln<}_)f Ini'ormatiol[bwhich Is ])rc_:3f,nt].y]_<[nl_t]_odes__e.(l_w_s

i.l.i_m thu dc_scc,n'l;v_:hlcles, A m_nl,(u'ui'o]ybvirled l_s a }'e_Dl].t l)f mc:a,_ir(:m_.llts " "

prelimlna_y de_uctlons can be _Lde on r,he banis of _n :u_al,ys.is of the m'Lterlal,

, Measurements of tileatmosphere prcss1_e and temperature coni'irme& ti%e

dependence of these cha_acterlstics on tilealtitude, which had been established

during the preceding flights, and the model of the Venus atmosphere co,lstructed

on their basis. The temperature and pressure on the surface were 4.60o0 and

90 atm at the landing sites.

A considerable volume of mass-spectrometer, infornM%tion permits expan-

sion of the representation of the chemical composition of the atmosphere

and the cloud layer.

Data• about the brightness in the carbon dioxide and water vapor bands

show that water vapor in the 35 - _0 km altitudes is approximately one

,: one-thousandth of the carbon dioxide.

A large volt,me of material has been obtained about the optical pr.operties

_ . of the atmosphere and its cloud layer. They permit a _udgment about such

I imp .nt characteristics of the atmosphere as the position_ structure_ and
ir ,,_sity of the cloud cover, the concentration and mean size of aerosol

pazticles in and below the clouds, t_e magnitude of solar radiation absorp-

tion at different altitudes in the atmosphere and on the Venus surface.

Additional information about the cloud composition is yielded by the change

in the spectrum composition of light as it passes through the cloud. The

rem_lts of a preliminary analysis show .that the aerosol is distributed non-

uniformly in the atmosphere. Its main layer, representing the cloud particles,

is above 49 km , the clou.ds themselves are sufficiently transparent and

substanti_.'llyless dense than on eartlz. Scattering particles of different

chemical composition are apparently present in the atmosphere.

According to photometric measurement data, the illumination on the

Venus surface turns out to be about 10000 lux , which corresponds 3 on

eartib to illumination in the mid&le latitudes at midday wi_en t!_e sky is

overcas t,

According to the data on the Doppler frequcncy shJi't of the radio

si(_nal transmitted from the descent versicle, tbA_'wind v,.'locltyu.t differs:at

altitudes was ([eter_nined. f'rocessinL,the restlts of "these measur(._m<_ntsshowed

that tile structure of th(:atmospheric cub:rents on the dc.'_c,:nl,j_h.hs.,sof both

_ 'I " ' t '
_, v.hit.._eo:ISqu:lt_ similar and_ on ti_,_w]it)l(.,_c)nizzms the structure i'ou_J_l1.1

measurements of the "Vener'_-8" radio si{_:_].s.

Th,_'].oc:_lwi]td velocity on tl_(_suri':_c_,w:_s 0.4 - O.'( m/_:,,c ::c_:o:,'[iI,_;

1976011106-TSA07



to preliminary data during tllewhole time of "Vencra-9" operatlon_ am.[

0.8 . 1.3 re�see in the region of the "Venera-lO" landing.

The content of z_tural radioactive elements in the Venuslan rock was

, 'established on the basis of a gamma radiation ana].ysis as: pott_ssium O.3 ;

t:_ori_m 0.0002 , and uranium O.O001 percent. This correu)onds to the most

widely ejected rock from the earth's crust, basalt, and indicates that rock

enriched by natural radioactive e].ements is present on the Venus surface,

as compared with their expected mean content on the planet. Such a crust

could only be formed during separation of the Venus material on the shell

during its evolution in the course of millions of years. The most volatile

fraction of the meltp enriched by potassium, thorium, and tlraniu_n,from

which the crust was evidently formed# hence emerged on the surf'ace.

A comparison of the data about the moon, earth, Venus and Mars indicates

th'%t a si_ e geochemical process proceeds in apparently all the planets of

the earth group, separating them into shells_ of which the upper; the crust

consists primarily of basalt. Processing the results obtained by using the

den sitometer of the "Venera-lO" descent vehicle showed that, with great con-

fidenee, the rock at the landing site has a 2.7 - 2.9 g/cm 3 density. This

quantity agrees with the deduction about the basalt composition of the crust.

On the basis of measurements from the "Venera-8" it could be ass_ned

that under almost midday illumination conditions it turns out to be possible

to obtain a picture of the landingsite without using artificial light sources.

This assumption was _ustified. The panoramas transmitted are of special

interest.

The landscape at the landing sites turned out to be different. A
.

razval of rocks predominantly several tens of centimeters in size is seen

in the panorama transmitted from the "Venera-9" descent vehicle, while the

panorama of the "Venera-lO" descent vehicle landing area exhibits a smooth

surface on which slightly elevated rocky clmnps are se,.'n. The depressions

between them are covered by a layer of fine-grained soil. The region is

probably in a compressed surface of the lowland or plotc'ul type:. M:uly l_ocks

in :Lsection of the "Venc_ra-9" ].anding sit,; have :_ suff_cicnt].y sh:llq)out]ih,'.

Th_s indict;tes that tile observed landsca[_e is _1ot veuy old :[_,th,'f,_olot:ic:,ii
a

time scale. The outcrops of excavat_'d ]_ocks at the "VcII_cL'_-IO"landin,,_sit_,

have a spotty, pitted surface and _Ir_oth ed_es; _llich in_l_c_t(,_si_i'o(:,_ss,:_of

/-- ch:u_{_,__sin in_Ug_:nous mou_tain rocks and m;_t_:.z'ity o£ the,'l.'t,_.[_c',_!_c.

Co:n[_ar,_dto ethan• l)ianets_ th,:V,n_us conditions :_:',.(:losmt to t!..,:

conditi,ms of ma_natlc rock cryst_lliz:ttion, which shoLd.,[co_tv!lut, to

_razval --dls_ntegr.ated blocks p_]ed up on mountain s]ope_.

, liil ,, ,,i II I I I I I I I III IIlll I IIII i
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kuc,ping th_.m on the: surface. At hil,,ll t¢_mpo_;.atures th, _.c,_:el,on _loxid,, i,mo_s-

p, pheru of the planet is not chemic_l].y t_ct:Lvewith rusl,_,::¢:t,to su_:h J._oek;:.
' .[o_c,,_ of ].m],:_ctf',b_dsw,:,,il])osp:L't,;tile high dc:nsity 0.[ the atniOSl_horc,'5hc_' ,c,,,

'pa_tlcles is small because of the low wind v,_J.oeityat 5h¢_,_n_rf:L¢,c,wl_[clll

sho:ild riot result in smoothing the relief because of erosion and tnc loss

of fine dust in the atmosphere.

Further processing of the dm-ta promises new important information about

the nature of Venus.

ARTIFICIAL SATI_LITES OF VENUS

Artificial satellites of Venus permit conducting _m_ny investigations

which are impossible to conduct from earth. Small mounted astronomical

instr_iments yield much more detailed information about the plaflet (the reso-

lutlon is tens of times better than the largest ground based telescopes).

Multiple systematic investlga_.iQns of the very same areas of the planet from

different directions afford the possibility of surveying it as a whole, of

representing the total picture of the clou_ cover, and of studying its changes.

Investigations using artificial satellites of Venus are carried out i.n

three main directions.

i. Study of the cloud layer with optical instruments. Used for this

are :

A panoramic caI,_era(yields pictures of the cloud layer);

An infrared spectrometer (measures tile intensity of the absorption

bands of the atmospheric gases and the _eflexlvity of the clouds in the

1.5 - 3 _ wavelength band) ;

An infrared radiometer (measures 'the temperature of the cloud cover in

the 8 - 30 _ wavelength range);

A photometer (measures the brightness of the cloud cover at uitravio/et

rays at the 3500 _ wavelength);

A photo-polarimeter (measures the brightness and polariz_:tion of th,_

solar radiation reflected by the cloud covcr _n the 2_OOO - 7000 !_ wav,.,l_.mgth

ra n[_u);

A spcctrumet_-r (2_I00 - 7000 _ ran_c) to inv(,sti__,.tcthe _tructui'::of

the l_t.,/r;r_.,ove {.lietie,IriS.

2. Study of the' upp_:_ratmosphere ]:y r:.v.diophysical,_m_ o[_tical m_.::ns.

TJI_ radiolphysical ex%_,_rimo.nt:[s bas_'d on the::trans].ucc_::ccof bhe _,lullct

f- atmosph¢,r_,by r:_diation of the p._oL3c_r:__diot.:'ansmittersprior to its; s,,:ttim_

b,fli:Lridthe;<:dgc of the plun:,_ an:l :d:'t,:rits l':L.s,:.The alti_u<b: ll'U/l].,'u:['

the' t.m[:.z_Itur:._')"" ' and i)r,,,us:_rc.(includ:Lng <,w:,nt#i,:r<_l:itiv,;].ylow l:L/,,zu;of

1976011106-TSA09
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th_ _tmo_qflr._'e)_u'_di,hc'o._Lectron co_tcr_'|itr_LtionIll tht_ :1.ononphc'_,c c_nl ]_,e

d,_.tu_nined by me_n_s o:f tho. ,b_t_ :l_om measur:Ir_g this r_._li&'t:l.on.

The upper atmosphere is invest:l_at(,_d by o]d;ical methods ]_y two :[nstru-

,mcnts: the photometer measures the soS.at ra&ia'tion sca ttcl'od]_y hydx'oi_.cn

atoms in the outer layers of the _Ltmosphcre_ and the s]?ectrometcr _o_J.sures

the luminescence of the Venus atmosplicre in the 3000 - _)O,)_ ranfze.

3. Study of the ir,teraction between the solar wind, the __'luxof

charged particles issuing from the sun, and the planet.

To do this, a magnetometer_ a plasma electrostatic spectrometer, and

charged particle traps are mounted on tl_, satellites.

I Details on the Venus disc, which are almost indistinguishable in the

_i_[ visible rays: are noticeable in the near ultraviolet band (about 3500-_000

wavelengths). Sufficiently stable dark spots, bands.by which the velocity of

cloud.motlons is determined, are observed here. Pictures of the cloud cover

with such details are obtained in ultraviolet rays.

Measurements made simultaneously by the optical instruments during

satellite passage through the.pericenter have already yielded a large volume

of information. Joint processing of the results of these measurements in

combination with the data from the descent vehicles assists in refining the

cloud layer composition and configuration.
i

A preliminary ana].ys±s of part of the information showed the follo_,._ing.

The cloud temperature at their upper boundary is about - 35% with

negligible fluctuations from section to section; the cloud temperature on

the night side is approximately lO° higher than on the day si_e. The

brightness in ultraviolet rays varies along the disc within 905_ limits

sometimes simttltaneously with the changes in temperature.

Radioscopy afforded the possibility of a sufficiently detail_d

study of the vertical cross-sectlon of the atmosphere in four regions above

the day and night sides of the planet at 40 - 80 km altitudes. The complex

configuration of the temperature pro[ile was clarified. It diminisllcs with

altitude, 'but local risers are observed at the 66 - 5! fun icvcl_ which

visibly indicates a multistage cloud cover configuration. It _q_,ar_,d__ _ to

be similar on the day _md ni_ht sides.

The Venus ionosphere is closer to the planL't and th'tnncr ti_u_ o_ c_rth.

The _;lectron concentration on the dJ_y side is consid_.ra_ly _zreatcr t_n on

the ni_;ht side but is approxim_tcly one-tenti_ ti_t on (mrth. Con_idurablc

w_rl_d_ility is cho.r:_etcristic for th..,_ ni[_ht io_os_,hcrc.

Rcpc:ttc_lrecording of th_,Venus ni_zht _ky l_uainc_ccnce si_ow,_,,lth:_t it_

a.

1976011106-TSA10



' I l i
J

spectrum is t3imilar to the l_nlnez3_,_nc(_spectr,m_ of e'n_th's nil,';ht sl'iy.

Processes occ_'rin(_ duril_g Int(n'_ction b(_twc_J_th(_ _301:Lrwin_l _n6L

Venus t_re studie(1 from the. s_.tellit(.u_, S.Im_].tan(_ousd_.t_.:(bout the ci(,(:t,roJ,t,n,l:Io_3

,concentr,'_tlonal_d tem_ernture on ]_oth sidles of the ,_i_oci<front _J(_:o:V(_,u_ h_w_

been obtained and the electron ch_racteristics in the optical shade ]_ro_lucc(L

by the planet have also been measured,

The flight of the urtificial satellites and the invcstig_tions of the

planet continue, The new outstanding successes of Soviet science and en6i-

neering again confirms the enormous possibilities of automatic s]?ace vehicles

for discovering the secrets of planets and the universe.

Q
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